Introduction
The effects of functional electrical stimulation on skeletal muscle have been studied in a variety of investigations. However, sufficiently detailed methodology of its usage does not exist with regard to all of its effects (thermal, electrochemical, electrokinetic, etc.). It has often been shown that the functional activity of muscles can be increased by electrical stimulation; their physiologic, morphological, biochemical, and motor capabilities, especially muscle force, are improved. However, the question still remains as to what extent the effectiveness of the stimulation depends upon the physical characteristics of the stimulation, such as: types of current wave forms, pulse frequency, pulse width and height, stimulation train, and also pause, general stimulation time, and other characteristics. It is difficult to answer this question on the basis of previous studies which are characterized by great differences. It does not seem appropriate to compare the effects of stimulation on human (5, 6, 7, 8, 12-15, 19, 20, 25-27) and those on animals (16, (21) (22) (23) (24) , the stimulation using alternating current (7-9, 13, 19, 27) and other current (15, 16, (21) (22) (23) (24) ) on men (13, 19, 27 ) and on women (5), sportsmen (13) , students (5, 19, 27) , or patients after surgical intervention (11) . It is also a problem to compare the effects of stimulation on upper arm (13, 19) and forearm (15) muscles, m. quadriceps femoris (3, 11, 19, 26, 27) , m. triceps surae (5, 19) , using sinusoidal (7) (8) (9) 27) or rectangular (5, 19, 27) wave forms, relatively low (13, 2 1-23, 27) and relatively high (5, 7, 8, 19, 27 ) pulse frequencies, different pulse width and height (3, 5, 7-9, 12-16, 19-23, 26-28) , and different general stimulation time (4,5,7-9, 11-15, 19,20,26,27) .
Although it seemed impossible to resolve all of these problems in this study, the intention was to investigate some relationships between the employment of low and high stimulation frequencies and some morphofunctional characteristics of stimulated muscle. The influence of different kinds of pulse frequencies on the development of maximum isometric force was of special interest. The working hypothesis was supported by the existing opinion (5, 7, 8, 19 ) that an alternating current of relatively high frequency had a greater effect upon the development of maximum force in healthy subjects than a current of relatively low frequency, although there are studies with contrary results (27) . Moreover, it was logical to expect that the changes of muscle force would be accompanied by adequate changes of muscle size (5, 15, 19) and of skinfold thickness (5) . Finally, the aim of this study was to determine to what extent, if any, a cross-transfer effect occurred in contralateral nonstimulated muscles after stimulation, since a similar effect had been noticed in other kinesiologic activities (1,2, 17).
Material and Methods
Thirty-six male physical education students (aged 20-23 years) participated in this study. The investigation was performed during winter, when the students did not participate in any practical studies. None of the volunteers was
The effects of two methods of electrical stimulation on maximum isometric force, calf girth, and skinfold thickness of stimulated and nonstimulated (contralateral) legs were studied. Thirty-six male volunteers, divided into three groups, participated in the experiment. Groups I and I I were subjected to the procedure of electrical stimulation of m. triceps surae daily for a period of 21 days. Group I was stimulated by an alternating current of low frequency (50 Hz); group II was also stimulated by an alternating current but of higher frequency (2000 Hz). Group Ill served as control group. In groups I and II significant increases of the maximum isometric force (as measured on an electronic dynamometer) of the stimulated (50.3% and 58.8%) and also of the nonstimulated (contralateral) muscles (39.7% and 32,2%) were found. In group Ill no significant increase of the maximum isometric force was registered. After the period of stimulation, the skinfold thickness was notably reduced by 21.6% in group II, and calf girth was enlarged in both experimental groups. Relatively large changes were realized in the calf girth and the skinfold thickness of the nonstimulated legs. The changes in group Ill were insignificant. It is concluded that electrical stimulation with low as well as high frequencies exerts great effects on muscle force. competing in any sport; therefore, the students were in fairly good physical condition but were not highly trained. They were randomly divided into three groups: with I and II as experimental groups and III as the control group. Groups I and II were stimulated daily for a total period of 21 days. The m. triceps surae of one leg was stimulated using alternating current of rectangular wave form. The difference between groups I and II was that group I was stimulated with 50 Hz and group II with 2000 Hz frequency current. The device for stimulation constructed by the author was used (4, 5) . Surface stainless steel sheet metal electrodes (45 x 55 mm) covered with water-soaked foam rubber were used for stimulation. The upper electrode was placed under the knee on m. gastrocnemius and the lower on the point where the m. gastrocnemius ends and tendo calcaneus begins. During the stimulation the leg was fixed in a special device to keep it firm with a knee joint angle of 900 and with the ankle joint in dorsal flexion of about 100. The regimen of the stimulation was as follows: stimulation amplitude current: 40 mA, pulse width: 0.2 ms, stimulation train: 15 per day. Pauses of 50 s and projection width of 5 s were applied the 1st week; during the 2nd week, the number of contractions was increased to 20 and the pause between each projection was reduced to 30 s. For the last week, the stimulation amplitude was 45 mA, the number of contractions was increased to 25, and the pause between each contraction was reduced to 20 s. The other parameters of the stimulation remained the same. Before and after the experimental period, the following parameters were measured from both legs of all subjects: 1. Maximum isometric force of m. triceps surae as measured by foot plantar flexion on an electronic dynamometer "Spremo-Barac" (Electonic Manufactury, Zagreb, Yugoslavia) 2. Calf girth 3. Skinfold thickness of the dorsal calf at its maximum girth using a caliper type "John Bull"
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Pooled data of the groups were expressed as means and standard deviation; significance was tested by Student's t test. 
Results
The force of the stimulated muscle (Table 1 , Fig. 1 ) of the subjects from group I was increased during the experimental procedure from an average of 789 to 1186 N, which means a strength gain of 50.3% (F <0.001). In group lIthe maximum isometric force of the stimulated muscle was increased from 745 to 1183 N, or for 58.8% (P <0.001). No statistically significant difference between the results of groups I and II was found. In group III (control) the maximum isometric force was 863 N at the beginning of the experiment and 888 N (NS) after 21 days. Differences in the increase of maximum static force between groups I and III and between groups II and III were significant at the 0.001 level.
The maximum isometric force of the nonstimulated (contralateral) leg in group I was 826 N before and 1154 N after the experimental period, the increase being 39.7% (P < 0.001). In group lithe corresponding values were 813 N and 1074 N, respectively, which means an increase of 32.2%
(P < 0.00 1). The diff€rences between groups I and II were not significant, In group III the following maximum static force of the contralateral leg was recorded: 892 N before and 913 N after the experimental period (NS). The difference in the increase of maximum static force of nonstimulated legs between groups I and III and between groups II and III was significant at the 0.00 1 level. A little reduction of the skinfold thickness of the stimulated leg (Table 2 , Fig. 1 ) was detected in group I; it was averagely reduced from 9.8 mm to 8.5 mm (14.7%); this reduction was significant at the 0.01 level. A reduction of the skinfold thickness of the dorsal calf of the stimulated leg was also registered in group II. It was 9.4 mm before the stimulation and 7.8 mm after the stimulation, which means a reduction of 21.5% (P <0.001). The skinfold thickness in the control group did not differ significantly in any cases. Concerning skinfold thickness of the contralateral, nonstimulated legs, the small decreases in group I (from 9.7 mm to 8.9 mm) and in group II (from 9.5 mm to 8.8 mm) were not significant.
In group I the calf girth (Table 3 , Fig. 1 ) was on the average enlarged from 37.9 cm to 39.0 cm (F <0.01), while in group II the calf girth was 38.4 cm before the stimulation and 39.0 cm after the stimulation (P < 0.05). The calf girth changes in the contralateral, nonstimulated legs were not significant in either group.
The body weight of the participants changed by less than 1% (NS) during the experimental period.
Discussion
The effectiveness of electrical stimulation for improvement of muscle force can probably be explained by the fact that, first, it enables the activation of a large number of motor units, if not all (18, 19) , and second, it enables the necessary frequency of electrical impulses to attain complete tetanic contraction of muscle. The "training" effect of electrical stimulation might therefore consist of a better intramuscular coordination as achieved by a recruitment of more motor units during voluntary contraction. More. over, during voluntary contractions, type I fibers are normally activated first and type II fibers are progressively recruited with increasing force. The electrical stimulation leads to an activation of type II fibers to a greater extent than of type I fibers; since maximum force mostly depends on type II fibers, the stimulation regimen allows for a preferential training effect on this fiber type.
These conditions are presumably fulfilled to the greatest extent by an alternating current of relatively high frequency (within limits of maximum values of the frequency of large motor nerves) and of high amplitude. This is especially recognized in subjects with perserved innervation. Several investigators (9. 18, 19) claimed that an alternating current had an anesthetic effect on sensory receptors in skin and muscles, which was the reason why this type of stimulation was subjectively better tolerated. However, in the study by Vodovnik et al. (28) , it was pointed out that the feeling of pain during contractions caused by electrical stimulation depended upon pulse width and not upon its frequency.
A relatively large increase of maximum isometric force after electrical stimulation was demonstrated by a number of investigators (3,5,8,9, 11-15, 19,20,26,27) . The values reported for increase of force in the above-mentioned studies were mainly within limits of 1 2%-40%. The increases in force found in this investigation were even higher, which favors our stimulation regimen as an appropriate method of "training." Had the volunteers been completely untrained, the improvements in force might have been even greater as compared to the physical education students who were in good physical condition and had high initial muscle force. This assumption is based on the general rule that an untrained muscle can gain more force than a pretrained muscle (29) . It is difficult, however, to compare the results of this experiment with those afore mentioned because of methodological differences, the duration of experiment, and the stimulated muscles. However, if the results are compared with the results of those authors (5, 13, 19, 27) whose experimental protocols most closely resembled that of the present study, one can observe that the increase of maximum isometric force in this experiment was much higher. This difference can probably be explained by the initiated number of muscle contractions during one stimulation (we applied 15-25, others 10 contractions), by the duration of each contraction (5 sin our experiment, lOs in the others), and by the duration of the pause between each contraction (in our experiment gradually reduced to 20 s, in the other experiments constantly 50 s). Actually, it might be assumed that relatively long-lasting contractions of high intensity would soon cause an accommodation (according to our observation after 6-7 s) due to exhaustion of energy resources in the muscle.. Apart from that, longlasting contractions would have more effect on the development of strength endurance than on maximum muscular force, especially if the intensity of stimulation was not progressively increased.
In the present study, considerably significant changes in force, calf girth, and skinfold thickness also in nonstimulated (contralateral) muscles were detected. In the literature referring to electrical stimulation, this has not been described so far. It is assumed that this represents a similar cross-transfer effect as registered by Berger (1), Carlson (2), Darcus and Salter (6), Karpovich (17) , and others in various other physical activities. It was expected that the increase of the muscle force would be accompanied by a corresponding increase in muscle size, Although the system used to determine the level of muscle hypertrophy by the measure of circumferences was not very suitable, the increase of muscle size could still be fairly accurately registered in this study. The values obtained (increase of calf girth by 1 .5%-3%) did not differ much from those detected by other authors (5, 13, 19) . However, an even higher increase in muscle mass must be expected considering the concomitant reduction of skinfold thickness (cf. Fig. 1 ). The reduction of skinfold thickness achieved as a result of stimulation represents an occurrence already registered (5) and was also observed after application of electrical stimulation in physical medicine and cosmetology.
Checking the participant's body weight had merely a control character. That is to say, as the experiment was relatively long, the possibility of significant changes in the participant's body weight existed, which could have had an effect on all measuring parameters, independent of trophic effects of electrical stimulation. However, as it was previously mentioned, there were no significant changes in participant's body weight, so this possible effect on the parameters studied can be attenuated. It is concluded that an electrical stimulation of the type described here has great effects on muscle force. Its application as a concomitant training procedure in competitive sports may therefore be recommended for basically building up muscle strength. However, an additional sport-specific training program is indispensable. Moreover, electrical sti-
